Background: The poor hygiene of peri-implant tissues causes inflammation at tissue-implant interface, which may impair the rehabilitation success. The aim of this study was to evaluate the influence of external hexagon and Morse taper implants on peri-implant health in patients wearing mandibular overdentures for 1 year. Materials and Methods: A total of 46 implants were evaluated, 28 external hexagon and 18 Morse taper. Plaque index in the mini-abutment, bleeding index, peri-implant inflammation, keratinized mucosa zone, probing depth, and marginal mucosa level were evaluated after 3 months and 1 year of prostheses insertion. Results: Deeper probing was found in the external hexagon group compared with Morse taper (P = 0.024) after 1 year of rehabilitation. Although the Morse taper group exhibited worse scenario of peri-implant inflammation than the external hexagon group (P = 0.001), both groups showed reduced inflammation after 1 year. A larger keratinized mucosa zone was observed with external hexagon implants (P = 0.020). No significant difference was found between the groups for plaque index in the mini-abutment, bleeding index, and marginal mucosa level. Conclusion: In a follow-up period of 1 year, it was concluded that the external hexagon group had a larger probing depth than the Morse taper group. However, better periodontal conditions about inflammation and keratinized mucosa zone were found in external hexagon implants. It was found no influence of implant platform on plaque index in the mini-abutment, bleeding index, and marginal mucosa level.
INTRODUCTION
M andibular implant-supported overdenture has been suggested as an efficient treatment for complete edentulous patients that had experienced problems with conventional dentures. [1] However, the poor hygiene of peri-implant tissues causes inflammation at tissue-implant interface, which may impair the rehabilitation success. [2] The design of implant platform can influence the biomechanical and esthetic success of implant treatment. [3, 4] In this sense, external connections present a microgap between implant and abutment while internal taper platforms (i.e., Morse taper) provide a tight contact at the interface. [3, 5] This fit pattern avoids bacterial microleakage between the components and thus preserves peri-implant tissues. [3, 6] As periodontal health is crucial to maintain teeth in oral cavity, maintenance of peri-implant health is essential for longevity of dental implants. Continuous follow-up and supportive treatments reduce the risk factors of mucositis and peri-implantitis, which can lead to failure of implant-supported oral rehabilitation. [7] In general, studies comparing the influence of different implant connections on peri-implant health evaluate only the marginal bone level but the peri-implant soft tissues are not assessed. [8] [9] [10] [11] [12] Assuming that peri-implant scenario is important for long-term implant success, the aim of this study was to evaluate the influence of external hexagon and Morse taper implants on peri-implant health of patients wearing mandibular overdentures during 1 year. The evaluation was based on data of plaque index, bleeding index, peri-implant inflammation, probing depth, keratinized mucosa zone, and marginal mucosa level.
MATERIALS AND METHODS

Experimental design and location
A nonrandomized controlled clinical trial was conducted in the Federal University of Rio Grande do Norte (UFRN) from January 2013 to February 2015. The experiment was approved by the Ethics Committee of the Institution (protocol 662.147).
Participants
Bimaxillary complete edentulous patients treated with maxillary conventional complete dentures and mandibular 2-implant overdentures with bar-clip attachment system were included in this study. The patients requesting implant-retained dentures were treated at the Department of Dentistry of UFRN. The individuals were divided into 2 groups, and those presenting bone availability ≥13 mm received Morse taper implants. The patients with bone height from 11 to 13 mm received external hexagon implants. Individuals with systemic dysfunctions and risk factors for implants insertion were excluded from the study.
Treatment
Maxillary conventional dentures and mandibular 2-implant overdentures with immediate loading were fabricated at the Department of Dentistry of UFRN. To reach the maximum extension of the prostheses, functional impression was taken and the casts were mounted in bilateral balanced occlusion. Two implants Neodent® Titamax (Neodent, Curitiba, Brazil; 3.75 mm in diameter; 11 mm in length) were inserted in the mandible in both groups. The external hexagon implants were placed at alveolar ridge level while the Morse taper implants were inserted 2 mm below the alveolar ridge. The protocols of implants insertion were established by the implant manufacturer (Neodent, Curitiba, Brazil).
Evaluation of peri-implant tissues
The peri-implant tissues were evaluated according to the clinical parameters described by Mombelli et al. [13, 14] The analysis included plaque index in the mini-abutment, bleeding index, peri-implant inflammation, keratinized mucosa zone, marginal mucosa level, and probing depth in the mini-abutment.
Plaque index in the mini-abutment
Visual analysis was performed at mesial, distal, vestibular, and lingual surfaces of the mini-abutment after 3 months and 1 year of implant-supported rehabilitation. The score ranged from 0 to 3 (0 -no biofilm, 1 -detection of biofilm by probe sliding, 2 -visible biofilm at the marginal surface surrounding the implant, and 3 -excessive biofilm on implant surface). [13, 14] Bleeding index The bleeding index was also evaluated at the four surfaces, and the score ranged from 0 to 3 (0 -no bleeding at probing, 1 -punctual bleeding, 2 -continuous bleeding line, and 3 -intense and deep bleeding). Score 0 represented the absence of peri-implant inflammation, while the scores 1, 2, and 3 were associated with mild, moderate, or intense peri-implant mucositis, respectively. [13, 14] 
Peri-implant inflammation
The clinical analysis was classified into scores ranging from 0 to 3 (0 -normal peri-implant mucosa, 1 -mild inflammation with minor color alteration, 2 -moderate inflammation with redness and swelling, and 3 -intense inflammation with redness and ulceration). [13, 14] Keratinized mucosa zone The keratinized mucosa zone was measured (in mm) using a Williams periodontal probe. The measurement accomplished the extension from the mucogingival junction to peri-implant marginal mucosa at vestibular and lingual surfaces [ Figure 1 ]. [13, 14] Marginal mucosa level The distance between the peri-implant mucosa and mini-abutment shoulder was measured (in mm) using a Williams periodontal probe. Positive values were recorded when the mucosa margin was coronal to the mini-abutment, while negative values were registered in the opposite scenario [ Figure 1 ]. [13, 14] Probing depth in the mini-abutment The peri-implant probing depth was measured (in mm) with a Williams periodontal probe positioned at vestibular, lingual, mesial, and distal surfaces surrounding the implant [ Figure 1 ]. [13, 14] Statistical analysis Statistical software (SPSS version 18.0, SPSS Inc., Chicago, IL, USA for Windows) was used for data analysis. Nonparametric tests were applied since the Kolmogorov-Smirnov test revealed abnormal data distribution. The Wilcoxon test was used to assess differences in peri-implant health between the 3-month and 1-year evaluations within each group. Mann-Whitney test was selected to reveal any correlation between the groups and peri-implant health. All tests were conducted at significance level of 5%. The Morse taper group showed significant increase in plaque index between the 3-month and 1-year evaluations (P = 0.009). However, there was no statistically significant difference in plaque index comparing both groups of implant platform [ Table 1 ].
No significant difference in bleeding index and marginal mucosa level was found between the 3-month and 1-year evaluations in both groups. Similarly, no influence of implant platform was observed for those characteristics [ Table 1 ].
Statistically significant difference in peri-implant inflammation (P = 0.001), keratinized mucosa zone (P = 0.020), and probing depth (P = 0.024) was showed between the implant platforms. Comparing the results obtained after 3 months and 1 year of evaluation within each group, only the external hexagon implants showed significant increase in probing depth, while the Morse taper implants maintained its value after 1 year of overdenture insertion [ Table 1 ].
DISCUSSION
This controlled longitudinal trial evaluated the influence of external hexagon and Morse taper implants on peri-implant health during 3 months and 1 year. All patients were rehabilitated with mandibular 2-implant overdenture and maxillary conventional denture.
Some previous studies reported that a microgap existing at the implant-abutment interface allows microorganisms leakage into the implant. [3] [4] [5] [6] 15] As a consequence, the presence of microorganisms in the peri-implant tissues may cause chronic inflammation and implant failure. [15, 16] In this sense, the tight connection obtained between the Morse taper implant and abutment has reduced microbial accumulation in comparison to the external connection that exhibits a microgap between the implant and abutment. [3, 5, 15] In the present study, significant increase in biofilm accumulation in the mini-abutment between the 3-month and 1-year evaluations was found only in the Morse taper group. This result may be explained by the placement of Morse taper implants 2 mm below the alveolar ridge, which may difficult hygiene and increase biofilm accumulation. In the contrary, the external hexagon implants were fixed at the alveolar ridge level.
The Morse taper implants showed significant decrease in peri-implant inflammation between the 3-month and 1-year evaluations, which was not observed in the external hexagon group. This reduction may be associated with the location of the implant-abutment interface. [16] In Morse taper implants, this interface is located at the implant platform, reducing inflammatory cell infiltration. [17, 18] Comparing both platform designs, the external hexagon implants showed significant reduced inflammation than the Morse taper implants. This finding is probably associated with positioning of the implants in the alveolar ridge. In addition, the significant increase in plaque index between the 3-month and 1-year evaluations in the Morse taper group and the larger keratinized mucosa zone observed in the external hexagon group may also have influenced the result. [19] A significant larger keratinized mucosa zone was found in the external hexagon group in comparison with the Morse taper. Similar findings were previously reported about the association between larger keratinized mucosa zones and minor inflammation. [19, 20] In this study, the individuals rehabilitated with external hexagon also exhibited larger keratinized mucosa zone and reduced inflammation.
The occurrence of microgap at implant-abutment interface is a crucial factor for microbial leakage that leads to bone loss and deeper probing. [4, 21, 22] Significant deeper probing was measured between the 3-month and 1-year evaluations in the external hexagon group. Furthermore, there was statistically significant difference comparing this index between the groups, and the external hexagon implants showed worst probing depth than the Morse taper implants. This result is in accordance with the literature since external connections are usually associated with higher bone loss and deeper probing. [8, 12] It was found no influence of implant platform on plaque index in the mini-abutment, bleeding index, and marginal mucosa level after a 1-year follow-up. It is noteworthy that the marginal mucosa level remained within the significance limit, suggesting that a significant difference would probably occur after long-term evaluations. Although the protocols of implants placement and the location of implant-abutment interface were different between the groups, there was no influence of platform design on plaque and bleeding indexes probably because the overdenture is a removable prosthesis that favors oral hygiene.
Further clinical studies including radiographic evaluations of peri-implant health after a longer follow-up are required to evaluate rehabilitation with overdentures with different implant connections.
CONCLUSION
It was concluded that the external hexagon group presented deeper probing than the Morse taper after a 1-year follow-up. However, the external hexagon implants exhibited better periodontal indexes about inflammation and keratinized mucosa zone. The platform designs did not influence the results about plaque index in the mini-abutment, bleeding index, and marginal mucosa level.
